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Section 5.4.3
OTK readout electronics
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In the OTK baseline design, each FE board interfaces to the Concentrator Card (CC), also referred to as the 20d data
aggregation boards (see Fig. 5.90 (a) or Fig. 5.94 (a)), transferring the following signals:

Optical module

Data Link

2nd Aggregation
(Concentrator Card) A % % ‘%A
[TTTTTT]

1st Aggregation
(Frond End Board) module ladder

+ BERAMEERIX A ZRERN
» B2 FHEL2VEE, $HXmodulediim S R BIERDICE . £

 ETH FAEIVEE, hmodulelR R EFIISIE, $ N ladder iR A, 55

| stave




Section 5.4.3.1 . Clck: CHTL (GBT ok -locks (433 M2 or OTKROC ASICs:

o Data readout:

Data transmission for OTK e s o 2o
2R 1.39GbpsiR#E32 ASICs B A it H

% _CLK_ Control

« Data rate: 40 bit/ hit TaoTie |
17 bit (8 TOT, 9 TOA TaoTie 1.396bp5:
+ channel(7bit, 128) _ —
+bunch 1D(8bit) TaoTie !
: : . |
+ chip ID (5 bit) == Tlaolle mEErS | 2.77Gbps
: . L. ) < :
* Hitrate: _ ' > ChiTu > KinWoo
* Barrel: 90 KHz/chip : > 11.09Gbps
* Endcap: 250 KHz/chip : :
" — TaoTle
AR RIZ /N TF43.3Mbps = _ |
EmnlljfvdLS:]r;o; Tracker HIi-tﬁRatcs [10% Hz/_cmz] _ :k Ta OTl e 1 . 39G b pSI
Average  Max AvcragcggSMax Aljézf:g](;‘umli/lix H‘P. I . >
KBz | 204 326 | oot 0202 TaoTie : Bf$9H2.77Gbpstk &
orke | 018 156 | oot o : l
R I 347Mbps !
ITKE3 2.45 24.80 0.166 1.427 ' I
ITKE4 1.70 8.25 0.140 0.657 I SEEL .\ N7 <
L N | BERBBRETRGER :
e TaoTie (TJF&EHM)  ChiTu
* Input: 8 uplinks, 1 clk * input: 7 uplinks (1.39Gbps)
* Output: 1 uplink * Qutput: 16 downlinks, 16 clks :




Section 48V

5432 OTK Power Supply 3asha. 48
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OTK Front End Board & Concentrator Card
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2nd
Aggregation

Power Bus transmits: HV and LV (48 V) * Frame and Connector should be higher than
bonding wire

Max length: 1,330 mm
* Max power transmission: 4.8 A, 230 W

e 180 um thick (with metal layer of 25 um
copper or aluminum) is more than sufficient
e Bus width is not limited



Section 5.3.3
ITK readout electronics
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Data transmission for ITK

Data rate: 42 bit/ hit

11 bit (6 TOT, 5 TOA)
+ adress(16 bit)
+bunch ID(14bit)
+polarity (1 bit)

Hit rate:
Barrel: 370 KHz/chip
Endcap: 2.35 MHz/chip

FIEFXIZ/VF693Mbps

Estimated Silicon Tracker Hit Rates [10% Hz / cm?]

BIRE£1.39GbpsiRESensor HEHECITE

CLK, Control
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v

v

v

v

v

v

Low Lumi Z Higgs High Lumi Z
Average Max | Average Max | Average Max
ITKBI 3.93 9.41 0.012  0.108
ITKB2 2.04 5.26 0.019  0.202
ITKB3 0.72 2.37 0.021  0.154
OTKB 0.18 1.56 0.014  0.148
ITKEI 10.63 5870 | 0.151 1.052
ITKE2 6.19 41.07 | 0.193 1.429
ITKE3 2.45 24.80 | 0.166 1.427
ITKE4 1.70 8.25 0.140  0.657
OTKE 0.38 4.41 0.026 0353

! 693Mbps
el TaoTie
el TaoTie
el TaoTie
FESNEl  TaoTie
g TaoTie
el TaoTie
el TaoTie

* TaoTie

* Input: 8 uplinks, 1 clk
* Qutput: 1 uplink

Table 5.18: Estimated Silicon Tracker Hit Rates
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ITK Endcap layout
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Section 54.1.2.1&7
OTK ASIC (JuLoong
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* Digital data flow : CLK, Ctrl, data process
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Specification

Voltage 1.2V
Channel 128
Channel pitch < 100 pm
Power dissipation per area (per ASIC) 300 mW/cm?

e-link driver bandwidth 43.33 Mbps or 86.67 Mbps

Temperature range -40 °C to 40 °C

TID tolerance LO0OMGy

Qutput bandwidth depends on data rate
Performance Requirements:

 Single channel power consumption less than 20mW;

* Time measurement resolution for TOA better than 30ps.

5.4.1.2.2 ASIC architecture Building on the preliminary results of LGAD, an ASIC, the Out
Tracker Read-Out Chip (OTKROC), is proposed to be developed in a CMOS technology. OTKROC
includes 128 channels. The height of each channel should be less than 100 um, which matches
the pitch of the LGAD strip. Each channel in OTKROC has a preamplifier, a discriminator, and
a time-to-digital converter (TDC) for the Time-Of-Arrival (TOA) and Time-Over-Threshold (TOT)
measurements. The preamplifier and discriminator are most critical parts for the contribution of jitter.

The TOT is used to calculate the charge as well as to correct the time walk due to the charge Landau
distribution in LGAD. The power consumption of OTKROC must stay below 2.5 W per chip, which
means_20 mW per channel, constrained by the system cooling capacity. This value translates to a
power budget of 15 mW for the front-end analog readout circuits in each channel. The time resolution
of the Out Tracker is determined by the LGAD sensor and OTKROC together. The LGAD sensor
has a jitter of about 40 ps due to non-uniform charge deposition. The OTKROC contribution should
be below 30 ps to achieve 50 ps overall time resolution per hit. The Most Probable Value (MPV)



Section 54.1.2.3

single Channel schematic details
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Figure 5.77: Schematic for the preamplifier (a) and Discriminator (b) in JuLoong.
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Preamplifier The preamplifier consists of two stages: a cascade amplifier (M1 and M2) as the
first stage and a source follower (M3) as the second stage. The bias current of the input transistor (M1)
has two components: the constant current The preamplifier consists of two stages: a cascade amplifier
(M1 and M2) as the first stage and a source follower (M3) as the second stage. The bias current of the
input transistor (M1) has two components: the constant current /B] is small due to that the VGS of M2
should not be too large. The transistor M2 and its gate voltage Vb set the DC operating point of M 1.
Vb is the replica bias voltage from /B/. The gain and bandwidth depend on the Gm of transistor M1.

Discriminator The discriminator consists of three stages of fully differential amplifiers, a com-
parator, and an internal buffer. The three stages of amplifiers receive the small input pulses, and
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Figure 5.75: OTK ASIC3

TDC The schematic of the TDC core is shown in the Figure 5.75. The OTKROC design faces
two main challenges: the large area required for the OTK and the necessity of achieving both time
and charge measurements while maintaining low power consumption. Additionally, the pitch of the
LGAD strips is only 100 pm, which means that the height of the single-channel circuitry must also be
less than 100 pm. To realize this on a smaller area, a single delay line is employed to simultaneously
measure the time of arrival (TOA) and the time over threshold (TOT), with each delay cell providing a
delay of 30 ps. The flip-flops record the times of the signal’s rising edge, falling edge, and the reference

clock’s rising edge, storing these values sequentially in registers. The chip utilizes a single delay line
without a delay-locked loop (DLL), and to reduce the number of delay cells, a cyclic structure is
implemented. The delay of the delay line is influenced by process variations, power supply voltage,
and temperature (PVT); thus, a pulse self-calibration scheme is necessary to compensate for the effects
of PVT variations. This calibration is performed periodically using the system clock to measure and
calibrate the delay chain. The data width of the TDC output includes 8 bits for TOT. 9 bits for TOA, 1
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section 5.4.1.2.5
Prototype design

Specification
” Power 1.2V
~—] D Seriatiser Channel 8
# Cs 4pF
TDC )
resolution 10ps
7 i Data rate 10.24Gbps
¥ { PLL B ¢ .
4 Consumption 40mW/ch
° |_|St deSIgﬂ deta” and S|mU|at|On reSUIt in TDR Design Figure 5.77 presents the block diagram of the FPMROC ASIC (application-specific
° ML — . A integrated-circuits). Eight channels collectively utilize a data event builder for buffering, framing,
%z'xix E %]”EE scrambling and encoding parallel data from various channels. The ASIC includes a serializer for

o ?:Eu:tﬁﬂ: ?:'t Eﬁﬂj_‘: 1 B% 1 E\Ei&i—l—?g 1:/—-'_—\ ’ 'ﬁt/f k RTJ‘ —*D Ij] %% off-chip data transmission at a rate of 10.24 Gbps, and a low-jitter LC-based PLL for the generation

of 5.12 GHz and 40 MHz clocks for the serializer and TDCs, respectively. Additionally, an SPI is
integrated to provide configurations up to 200 bits.
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Prototype schematic and simulation
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Figure 5.81: (a) Schematic of the saturated amplifier, (b) Schematic of the trans-impedance amplifier
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Figure 5.82: The architecture of the TDC delay line
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Figure 5.83: The scheme and data frame of the event data builder
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Figure 5.84: The block diagram of the PLL and serializer
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Section 54.1.2.9

Plan

2024 Q4 2025 Q2 2025 Q4 2026 Q2 2026 Q4 2027 Q2 2027 Q4
’
- N
OTKLGAD 1st Test & OTKLGAD 2nd || Test with ASIC, OTKLGAD 3rd Test
Sensor: | submission characterization || submission Test beam , submission(large
L (4cm long) | (optimization) || radiation test array) y
& ™
ASIC: OTKroc ASIC ASIC OTKroc ASIC ASIC OTKroc ASIC ASIC
1st submission Test 2nd submission Test 3rd submission Test
"
I ™
Module: Module built and test prototype l?““t and
test(large size)
- =4
5.4.1.2.9 Development plan and schedule In the second half of 2024, the design of the LGAD
readout scheme and the verification of the corresponding ASIC will be conducted. In the Q1 of 2025,
the ASIC will be submitted for wafer production to validate the performance of the preamplifier,
discriminator, and TDC modules, along with the design of the ASIC test system. Performance testing
of the ASIC will be carried out by the end of the year, and each module will undergo radiation
hardness testing. In the Q4 of 2025, the ASIC design will be improved, incorporating a digital logic
control section, and the first version of the mu’!ti—channel integrated design will be submitted for N

wafer production. In the first half of 2026, the design of the multi-channel ASIC test system will be
completed, alongside performance testing of the ASIC and radiation hardness testing, culminating
in the completion of the connection and debugging with the LGAD. In the end of 2026, the multi-
channel ASIC design will be further refined, and the V1 version of the ASIC will be submitted for
wafer production. Simultaneously, the prototype design of the LGAD readout frontend electronic
system will be initiated. In the first half of 2027, performance testing of the V2 version of the ASIC
will be conducted, along with testing of the LGAD readout electronic system prototype, ensuring
coordination with the LGAD. In the second half of 2027, the prototype system will be finalized in

preparation for the mass production of the chips.
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